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WIND TUNNEL TEST OF THE 0.019 SCALE

SPACE SHUTTLE INTEGRATED VEHICLE (MODEL 14-0TS)

IN THE CALSPAN 8-FOOT TRANSONIC WIND TUNNEL
(1A36)

R. B. Hardin, R. R. Burrows, Rockwell International

ABSTRACT

This report contains information concerning a wind tunnel test of
the 0.019 scale Space Shuttle Integrated Vehicle in the CALSPAN 8-foot
Transonic Wind Tunnel. The test started !5 June 1973 and ended 22 June
1973 for a totai of 80.5 charge hours. The test identification number
is IA36.

The purpose of this test was to determine the effect of cold jet gas
plumes generated from MPS and SRM nozzles on 1) six-component force and
moment data, 2) wing static pressures, 3) wing hinge moment, 4) elevon
hinge moment, 5) rudder hinge moment, and 6) orbiter MPS nozzle pressure
loads. The effects of rudder deflection, nozzle gimbal angle, and plume
size were also obtained.

111



TABLE OF CONTENTS

Page
ABSTRACT i1
INDEX OF MODEL FIGURES 2
INDEX OF DATA FIGURES 4
NOMENCLATURE 8
CONFIGURATION DESCRIPTION 23
TEST FACILITY DESCRIPTION 28
TESTING AND PROCEDURE 29
REMARKS 31
DATA REDUCTION 32
TABLES 45
I.  TEST CONDITIONS 45
II.  DATASET COLLATION SUMMARY 46
I1I. MODEL COMPONENT DESCRIPTIONS 60
IV.  TAP LOCATIONS - ORBITER NOZZLES 15
V. DIMENSIONAL DESCRIPTION - ORBITER NOZZLES 76
VI.  DIMENSIONAL DESCRIPTION - SRM NOZZLES, Ny 77
FIGURES
MODEL 78
DATA - VOLUME 1 105
APPENDIX - TABULATED SOURCE DATA - VOLUME 2 105

PRICEDING PAGE BLANK NOT FILMED




Figure

INDEX OF MODEL FIGURES

Axis systems.

Sign conventions.

a.

b.

Gimbal planes and sign conventions.
Nozzle gimbal angle.

Sign convention for angle of sideslip,
angle of attack, and incidence angle.

Sign convention for rudder and elevon deflections.

Wing hinge moment data reduction dimensions.

Moment transfer diagram.

Pressure tap locations.

d.

e.

Wing pressure tap locations for RH wing panel.
Orbiter base and cavity pressure tap locations.
OMS pod base static pressure tap locations.
EOHT pressure tap locations.

SRM pressure tap locations.

Ascent vehicie configuration.

a.

b.

2A Orbiter, basic dimensions.
2A Orbiter, fuselage with body flap.
2A Orbiter, wing.

2A Orbiter, vertical tai..

2A Orbiter, body flap, F4.

Page

78

79
80

81

83
84

85
86
87
88
89
90
91

92
93
94
95



INDEX OF MODEL FIGURES (Concluded)

Figure Page

f. 2A Orbiter, OMS Pod. 96

g. 2A Orbiter, Nozzle. 97

5. Solid Rocket Motor Configurations, S 0» S,,» and S 99

with Nig. o 6
6. External é%nk Configuration, T]O‘ 100
; 7. Model Photographs

| a. Front view of Integrated Vehicle, 101

b. Aft view of Integrated Vehicle with
Orbiter Nozzle Gimbaled. 102

8. SSME Nozzle Loads Nomenclature. 103




v1i3g “30/X “YHdW

391-9%1 ¥3MOd “YdWHS “¥d0 a 9ZZ0u Sdw 43ddn ‘uoi1INqLASLP Aunssaud e3|ag
V139 “30/X ‘vHdv uoLINGLAISLP

A2 Bl AN 43M0d “¥dWYS “¥d0 2 94nssaad 3[ZZOU SdW HY 43MO| UO 323333 auwn|d
¥Y139 “30/X “YHdY uoLINGLAISLP

0ZLl-16 dIN0d “HdWIS “¥dO 0! 94NSSAAd 3[ZZ0U SdW H 49MO| UO 3D3443 awn(d
V138 “30/X ‘vHd uoLINGLAISLp

96-£/ 43IMOd “YdWdS “¥d0 2 84nssaud 3[ZZou SdW 4addn uo 333443 awn|d
uotzeuanbiyuo) SJ13S14d3004RYD |P4I}R|

cl-59 ‘ISOH “HIOYW g UO $32943}9 aJdempuaey butls pue 3asoy
uotieuanbLjuoy SJL3Staajzoeaeyd (eulpniibuoy

t9-G5 “3SOH “HOVW y U0 $32343j3 aJdempdey buils pue 3soy
pG-/y UOLIRANDLIUOY <ygyy <pdy SO13Si4d)IeaRYD |PUIIR| UO

“€d9°2d9° 1d9* YdWYS  ¥d0 q $309439 a(bue |equib 3| zzou pue azis awnig
9p-/€ UOLIBUNDLIUOD “HIYW ‘$d9 SO13SL4a30e40y3 [eutpnytbuo| uo

“€d9°2d9° Ld9“ UdWYS “ ¥d0 v $309449 9|bue |equib 3|zzou pue 3zis aun(q
SO13SL4330RdRYD |PUI}R|

9¢-62 HOVW “ddWYS “¥d0 9 UO 303}43 UOLIDI[49p J3PPNJ pup IZL3 awn|d
SJ13Stuadjdearyd (eutpnitbuoy

82-61 HOYIW “ddWdS “dd0 v UO 3334)3 UOLIDS|JOp J3IPPN4 pue JZLS auwn|d

gl-LL HOVYW “d4dWYS “¥d0 g SOL3SL4d3oRJRYD [PUIIR| UO S3DI44d JZLS auwn|d

oL-i HOVYIW ‘ddWidS “¥%d0 v SO13Staa3ordeyd (euipnybuo| uo s323443 8zZLs awnyd

<39vd INTAYYA 3INA3HIS JTLIL

107d SNOILIGNO) SIN3II144300
d31101d

SNII4 VIVA 40 X3ANI




00v-£6¢

26€£-98¢

¥8E-ESE

¢se- et

G2E-68¢

88¢-59¢

¥9¢-Lve

ove-L12

912-¢6l

¢61-631

HIYW
43M0d “YdWYS “¥dU

HIYW
43IM0d “YdWYS “¥d0

sabue |equiy ‘HIVW
YIMOd “¥dWIS “¥dO
V138 ‘VHdWY

sajbue [equty ‘HIWW
YIMOd “YdWYS “¥dO
V138 ‘YHdWY

sa(bue |equty ‘HIywW
¥IMOd “YdWYS *¥dO
V138 ‘WYHdW

Y139 “30/X ‘YHdW
Y3IMOd “YdWdS “¥d0

V138 “30/X ‘YHdW
Y3MOd “YdWYS “¥do

V138 *30/X ‘VHdW
43IMOd “YdWYS ‘¥d0

v138 “30/X ‘VYHdWV
43IM0d “YdWIS “¥d0

vidg *3G/Xx ‘VHdY
43M0d “YdWYS “¥d0

a

SPeo| |e30} 3|ZZOU Sy 49ddn uo 3333533 Bwn|d

SPeO| 303 3|ZZOU SdW 43ddn uo 373343 awnyy

SUOLINGLAISIP

PeO| |BD0| 2)ZZOU SdW HY 43MO| UO 373333 aum|d

SUO(3INGLIISIP

PeO| [@D0| 3|ZZOU SdW H] 49MO| UO 333342 dwn|g

SUoLINGLAISIP

peo| [e20| 3|ZZOU Sqw 43ddn uo 333333 aun |4

91ZZ0U SdW HY 43MO|

3|ZZOU SdW HT 43mo|

9|ZZ0U Sdqw 1addn

9|2Z0U SdW HY 43M0|

9|ZZOU Sgi H1 43MO0|

‘UOLINQLAISLP 4NSSaAd e3(ag

‘uoLINgLaISLp aunssaad e313g

‘uoLINqLalsLp adanssaad el |ag

‘uoLIngLa3stp aanssaad e3|ag

‘U0L3INQLIISLP J4NSSadd e3lag

S39vd
107d

ONTAYYA
SNOILIANOD

31NA3HIS
SIN3IJI34300
(03.1101d

ERIBSY

(P3nULIu0)) SIUNDI4 VIVG 40 X3ANI




30/A sA 49130 ‘a

w 30/Z SA 42130 3
w
ﬁ

IHd sSA 42 D

NAD SA AD °v139 SA NAD “78D “AD '8

JWTD SA N3 °VHATWV SA JW1D NI “8vD “4vd v

-37NG3HIS SINITI144300 G3L1101d

uotjeuanbijuo) ‘yi13
08v-G9%  “VHdAIY “3SOH ‘HIVW

uotjeunbijuorn
HOVIW “ddWdS “¥d0 VL3
vov-6by  VHATY ‘9d49°2d9°1d9

uotjeanbrjuo)y ‘vi3 “vHdy

3unssaud bulm uc S303449 3aempaey bulls pue IsSOH

SUOLINGLAISLP d4aNssaud
butm uo s329443 a|bue equib 3|zzou pue awn|g

8vy-£EY HOVW “YdW4S “¥d0 I UOLINQLUISLP 34NSSaAd BuiM U0 $329443 9ZLS auwn|d
HOVM
260-S2  4IMOd “UdWYS ‘¥dO y SPRO| [P0} 3|ZZOU SdW HY J4IMO( UG 323333 awn|d

HOVW
vev-L LY 43IMOd “UdWAS “¥d0

HOVW
3Lv-60¥ 43IMOd “UdWHS “Ud0

HIYW
80v-10¥ 43IMOd “YdWYS “¥d0

9

Speo| [e303 3[zzou

Speo| |e303 3| 220U

Speo| |e303} 3|2Z0u

SdW HY

SdW H1

SdW H1

43M0 |

43M0|

43MO |

uo 323433

UO 323339

Uo 323349

aunyg

aun{ 4

N ! ¢

S39Vd ONTAYYA
107d SNOTLIONOD

ERIELIN
SIN3IIJI44303
031101d

ERINGI

(panuL3uo)) SIYN9I4 viva 40 X3ONI




/X SAd) 1

V138 SA WYLI3IHL ‘YWD “4vi3i'l 44D *NAD ‘W1 *AD °ND  °H
VHATY SA WVLI3HL YWD “Jvi3HL *¥4D *NAD “WID “AD °ND 9
30/X SA XQ/NAJQ °XQ/W1D0 ‘XQ/A00 ‘XA/NXQ 4

(Papn(du0))
:3ING3HIS SINIIDI44300 0IL101d

(PSPN(2u0)) SIYNDI4 VIVQ 40 X3IANI




SYMBOL

Abacps

AbgQHT

Aboms

Aboms
Aborg

Abspm

AceonT
ACorp
Acsrm
ANors

ANsRM
a

NOMENCLATURE

PLOT

SYMBOL DEFINITION
Attitude _ccntrol propulsion system base
area, ft¢ (total for two)
External tank tgtal base area (cavity plus
model base), ft
Base area of orbital mareuvering system
(minus projected area of OMS nozzle), £t2
(total for twn)
Nozzle exit area of OMS, ft2 (total for two)
Total orbiter base area (minuE projected
exit area of MPS nozzles), ft
SRM shroud base area (minus projected
nozzle exit area), (total for two), ft
External tank cavity area, ft2
Orbiter cavity area, ft2
SRM cavity area, ft2 (total for two)
To%al exit area of (3) orbiter MPS nozzles,
ft
Tota) exit area of (2) SRM nozzles, ft2
Distance from Ny gage to MRP (positive
forward of MRP), inches

BREF Wing span ur reference span; m, ft

Orbiter exposed wing panel semi-span
(distance from exposed root chord to tip
chord), inches

Elevon M.A.C. length, inches

Center of gravity

Rudder M.A.C. length, inches




SYMBOL

CAgaL

C
Abacps

Ca
beonT

C*
AbgonT
C
A
boms

Ca
bomsy

Cl
Aore

CKborzs

C
Abepm

c*
Abgrm

C
ACEOHT

PLOT
SYMBOL

NOMENCLATURE (Continued)

DEFINITION

Balance chorc force coefficient (uricerrected)

Attitude conurol maneuvering system base
chord force coefficient

External tank base chord forco coefficient
(based on AbEOHT)

External tank base chord force coefficient
(based on ACEOHT)

Orbital maneuvering system base chord force
coefficient

Crb:tal maneuvering system nozzle base
chord force coefficient

Orbiter base chord force coefficient (based
on AUORB)

Orbiter base chord force coefficient (based
on ACORB)

SRM hase chord force coe“ficient (based on
Absu)

SKM base chord force coefficient (based on
Acsru)

External tank cavity chord force coefficient
(corrected to base pressure)

External tank cavity chord force coefficient
(based on ACEOHF and EOHT cavity pressures)

Orbiter cavity chord force coefficient
(corrected to base pressure)

Orbiter cavity chord force coefficient
(based on Ac and orbiter cavity

ORB
pressures)

SRM cavity chord force coefficient
(corrected to base pressure)




NOMENCLATURE (Continued)

PLOT
SYMBOL SYMBOL DEFINITION
CAc SRM cavity chord force coefficient (based
SRM on Aggpy and SRM cavity pressures)
CAN Orbiter nozzle chord force coefficient
ORB
Ca SRM nozzle chord force coefficient
NsrM
Ca CAF Ascent vehicle foreb.dy chord force
f . .
coefficient
CAT CA Ascent vehicle total chord force coefficient
C, cBL Ascent vehicle rolling moment coefficient
Cg CBW Wing bending moment coefficient about
W exposed root chord
C CFR Resultant force of the normal force and side
FR force for the n8221e, based on a reference
area of 49.4 ft
Cy CHEI Inboard elevon hinge moment coefficient
el
CHe CHEO Outboard elevon hinge moment coefficient
0
CH Total elevon hivge moment coefficient,
e e
I 0
CHr CHR Rudder hinge moment coefficient
CHw CHW Wing torsional moment coeff.cient
CMR CMR Resultant mement of the pitching moment and
yawing moment for the nozzle, based on a
reference area of 49.4 ft
Cmf CLMF Ascent vehicle forehody pitching moment
coefficient
Cmt CLM Ascert vehicle total pitching moment
coefficient
10
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SYMBOL

CmgaL
CN

Cnyy

()

ASRMPR

AOPR

Cas

NOMENCLATURE (Continued)

PLOT
SYMBOL

CN

CNW

cy

CYN

DELCP

DSRMPR

DOPR

DDCAFR

DDCNDR

DDCMFR

DDCYDR

DEFINITION
Balance pitching . nment coefficient
Ascent vehicle normal force coefficient

Normal force coefficient on one exposed
wing panel

Wing, base, cavity, and upper MPS nozzle
pressure coefficient

Ascent vehicle side force coefficient
Ascent vehicle yawing moment coefficient

Mean aerodynamic chord of exposed wing
panel (based on Sy), inches

Incremental pressure distribution between
opposite sides of the MPS nozzles (see
table II, p. 59)

Incrementation SRM nozzle pressure ratio,
(power on - power off)

Increment in orbiter nozzle pressure ratio,
(power on - power off)

Incremental effect of power on axial force
coefficient rudder effectiveness

Incremental effect of power on normal force
coefficient rudder effectiveness

Incremental effect of power on pitching
moment coefficient rudder effectiveness;
includes forebody axial force

Incremental effect of power on side-force
coefficient rudder effectiveness




SYMBOL

3Cq

>

aC
/3 (x/de)

aC
N/a(x/de)

3C
Y/ (x/de)

aC
/3 (x/de)

NOMENCLATURE (Continued)

FLOT
SYMBOL

DEFINITION

DDCBLR

DDCYNR

DCAFDR

DCN/DR

DCMFDR

DCY/DR

DCBLDR

DCYNDR

DCLM/DX
DCNMDX

DCN/DX

DCY/DX

DCYN/DX
DCYNDX

Incremental effect of power on rolling
moment coefficient rudder effectiveness

Incremental effect of power on yawing
moment coefficient rudder effectiveiess
Forebody axial force coefficient rudder

effectiveness

Normal force coefficient rudder effective-
ness

Pitching moment coefficient rudder effec-
tiveness; includes forebody axial force
effect

Side force coefficient rudder effectiveness

Rol1ing moment coefficient rudder effec-
tiveness

Yawino moment coefficient rudder effective-
ness

Local pitching moment coefficient
distribution with respect to x/de

Local normal force coefficient
distribution '“th respect to x/de

Local side force coefficient
distribution with respect to x/de

Local yawing moment coefficient
distribution with respect to x/de




SYMBOL

aCN

an

Cme

da

aCY

IR
3,

g

NOMENCLATURE (Continued)

Normal force coefficient derivative with

Pitching moment coefficient derivative with
respect to alpha; includzs forebody axial

Side force coefficient derivative with

Rolling moment coefficient derivative with

Yawing moment coefficient derivative with

Longitudinal location of the aerodynamic
center in pitch (XAC/L) and yaw (XYAC/L)
based on an overall ascent vehicle length
of 2175 inches F.S.

Incremental effect of power on normal force
coefficient alpha derivative

Incremental effect of power on pitching
moment coefficient alpha derivative; fore-
body axial force effect included

Incremental effect of power on side force
coefficient beta derivative

PLOT

SYMBOL DEFINITION
CN/A

respect to alpha
CLMF/A

force effect
CY/B

respect to beta
CBL/B

respect to beta
CYN/B

respect to beta
XAC/L
XYAC/L
DCN/A
DCMF/A
DCY/B
DCBL/B

Incremental effect of power on rolling
moment coefficient beta derivative

13



NOMENCLATURE (Continued)

DEFINITION

PLOT

SYMBOL SYMBOL
aC

N DCYN/B
a8

MXq.c./2) DXAC/L
MYy o /9) DYAC/L
\(CN) DCN

A(CAf) DCAF

A(Cab) DCAB

A(Cmf) DRLMF

A(Cy) DCY

a(Cp) DCYN

A(Cy) DCBL

d

de, DEX

DrN

Dy

e

Incremental effect
moment coefficient

Incremental effect
center of pressure

effect
center

Incremental
directional
Incremental effect
coefficient
Incremental effect
axial force
Incrementea!| effect
coefficient

Incremental effect
moment coefficient

Incremental effect
coefficient

Incremental effect
moment coefficient

Incremental effect
moment coefficient

of power on

rolling

beta derivative

of power on
of power on
of pressure

of power on

of power on

coefficient

of power on

of power on

of power on

of power on

of power on

Tongitudinal

lateral-

normal force

forebody

base force

pitching

side force

yawing

rolling

Distance from N, gage to MRP (positive
forward of MRP)“inches

Diameter of nozzle at exit plane

Diameter of nozzle at entrance plane

Diameter of nozzle

at throat

Distance from MRP to balance centerline
(positive above MRP)




NOMENCLATURE (Continued)

DEFINITION

PLOT

SYMBOL SYMBOL

f
GP1
GP2
GP3
GP4
GPS
GY1
GY?2
GY3

%)

Sy(

g

i

Ke( )

Distance from MRP to Y, gage (positive
forward of MRP)

Upper orbiter nozzle; degrees of pitch that
the engine is gimballed from null

Lower left orbiter nozzle; degrees of pitch
that the engine is gimballed frem null

Lower right orbiter nozzle; degrees of pitch
that the engine is gimballed from null

Left SRM nozzle
Right SRM nozzle

Upper orbiter nozzle; degrees of yaw that
the engine 1s gimballed from null

Lower left orbiter nozzle; degrees of yaw
that the engine is gimballed from null

Lower right orbiter nozzle; degrees of yaw
that the engine is gimballed from null

Gimbal pitch angle of nozzle from null
position (denoted by subscript), degrees

Gimbal yaw angle of nozzle from null
position (denoted by subscript), degrees

Distance from MRP to Y, gage (positive
forward of MRP), 1nche§

Incidence angle of orbiter reference plane
with respect to EOHT reference plane,
degrees

Elevon hinge moment gage calibration factor

(subscript denotes inboard or outboard)
in.=1b/cts

15




e

PLOT
SYMBOL SYMBO

NOMENCLATURE (Continued)

L DEFINITION

Krpe

LREF LREF
M. MACH

m,2,5,

M,2.3

MPSRA

Ratio of measured to theoretical exit

pressure Pe meaS/Petrue

Rudder hinge moment gage calibration factor,
in.-1bs/cts

Wing gage calibration factor, in.-1b/ct
where i = gage number and j = order of K in
the second degree calibration curve fit

Rolling moment balance output, in.-1bs

Ascent vehicle moment reference length,
inches

Tunnel freestream Mach number

Wing strain gage output (uncorrected for
interactions) in.-1bs; where 1 is the in-
board bending gage, 2 is the outboard
bending gage, and 3 is the torsion gage

Wing strain gage output which has been
corrected for interactions, in.-1bs; where
1 is the inboard bending gage, 2 is the
outboard bending gage, and 3 is the torsinn
gage

Wing strain gage output, raw data counts,
where 1 is the inboard bending gage, 2 is
the outboard bending gage, and 3 is the
torsion gage

Elevon hinge moment gage output, raw data
counts where subscript denotes inboard or
outboard panel

Orbiter MPS nozzle rotation angle, deg.

Rudder hinge moment gage output, raw data
counts

16




SYMBOL

MRP(x,Y,2)

NOMENCLATURE (Continued)

Moment reference point in X,Y,Z coordinates,

Forward normal force gage output, pounds
Aft normal force gage output, pounds
Normal force on exposed wing panel, pounds

Ratio of orbiter chamber pressure (P.) to
freestream total pressure

Model pressure, psfa

Nozzle plenum total pressure denoted by a
Nozzle exit static pressure (denoted by a

Tunnel static pressure, psfa

Nozzle power supply: Power = 1.0 - ON
Power = 0.0 - OFF

Tunnel total pressure, psfa

Ratio of plenum total pressure to freestream
Ratio of SRM nozzle exit pressure to free-
stream total pressure

Ratio of plenum total pressure to Pes
denoted by a subscript

Ratio of nozzle exit static pressure to Pt'
deroted by a subscript

Tunnel freestream dynamic pressure, psf

PLOT
SYMBOL DEFINITION
XMRP
YMRP inches
ZMRP
OPR
subscript
subscript), psia
POWER
pressure
SRMPR
Q(PSF)
RN/L

Tunnel Reynolds number, per foot
Orbiter MPS nozzle local radius.

17




PLOT

SYMBOL SYMBOL

r/ r\*

SREF

x/c X/C

x/dg X/DE

X/*

HL

NOMENCLATURE (Continued)

DEFINITION

Ratio of the local radius to the critical
throat radius for the MPS nozzles

Elevon area (total one side) ft°
Reference area for nozzle, ft°
Rudder area, ft2

Ascent vehicle coefficient reference
area, ft?

Area of one exposed wing panel (includes
glove area), ft

Tunnel freestream static temperature, °R
Tunnel total temperature, °R

Model pressure weighting factor,
either 0 or 1

Distance forward of nozzle exit plane

Chord-wise wing location, fraction of
the chord

Ratio of the distance forward of the nozzle
exit to the internal diameter of the nozzle
exit

Ratio of the distance forward of the nozzle
exit to the critical throat radius of the
MPS nozzles

Distance from orbiter MPS nozzle gimbal to
exit plane

Orbiter station of exposed wing torsional
axis, inches

18



SYMBOL

y/de

z
bacps

i
beonT

Z
boms

Zbomsy

| i
\ bors

PLOT
SYMBOL

Y/DE

NOMENCLATURE (Continued)

DEFINITION

Orbiter longitudinal station, inches

EOHT longitudinal station, inches

Distance between wing bending gage
my and mp, inches

Orbiter spanwise station, inches

Orbiter spanwise station of exposed wing
root chord, inches

EOHT spanwise station, inches

Spanwise distance from the exposed wing root
chord to the mp gage (positive when my gage
is outboard of reference station), model
scale inches

Lateral distance from the nozzle centerline
as a fraction of the nozzle exit internal
diameter

Vertical distance from centroid of ACFS base
area to MRP (positive above MRP), inches

Vertical distance from centroid of EOHT base
area to MRP (positive above MRP), inches

Vertical distance from centroid of OMS base
area to MRP (positive above MRP), inches

Vertical distance from centroid of OMS
nozzle base area to MRP (positive atove MRP),
inches

Vertical afstance from centroid of ORB base
area to MRP (positive above MRP), inches

19



NOMENCLATURE (Continued)

PLOT
SYMBOL SYMBOL DEFINITION
zbSRM Vertical distance from centroid of SRM base
area to MRP (positive above MRP), inches
ZCEOHT Vertical distance from centroid of EOHT
cavity area to MRP (positiva above MRP),
inches
ZC Vertical distance from centroid of orbiter
ORB cavity area to MRP (positive above MRP),
, inches
b
ZC Vertical distance from centroid of SRM
SRM cavity area to MRP (positive above MRP),
inches
ZNORB Vertical distance from centroid of orbiter
nozzle exit area to MRP (positive above MRP),
inches
Zy Vertical distance from centroid of SRM
SRM nozzle exit area to MRP (positive above MRP),
inches
Zo Orbiter vertical station, inches
Iy EQHT vertical station, inches
/4 /0t Vertical distance from the nozzle centerline
€ as a fraction of the nozzle exit internal
diameter
X ALPHA Ascent vehicle angle of attack, degrees
g BETA Ascent vehicle angle of sideslip, degrees
Y Angle of some radial direction in the base
planes to the nozzle centerline, degrees
S AILRON Aileron deflection defined as (‘4 - :4g)/2,
n degrees
se ELEVON Elevon deflection defined as (5GL + 5eR)/2,
degrees
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NOMENCLATURE (Continued)

DEFINITION

PLOT
SYMBOL SYMBOL
p RUDDER
/ am1) (am3 )
n ETA
eFR THETAF
SM R THETAM
ox
] PHI
v PS!
SUBSCRIPTS
a
ACPS
b
e
EOHT

Rudder deflection, degrees

First order interaction for wing bending and
torsion gages. (1) denotes first orier term
in a 2nd degree curve fit, (2) denotes second
order term in a 2nd degree curve fit

Spanwise wing station, fraction of the semi-
span

Angle of resultant force, CFR, measured
from top centerline of the nozzle, positive
in a clockwise direction when looking
forward, degrees

Angle of resultant moment, CMR, measured
from top centerline of the nczzle, positive
in a clockwise direction when looking
forward, dagrees

Rotation angle of MPS nozzles in bali
sockets (clockwise rotation as looking
forward is positive), degrees

Radial angle on MPS nozzles with ¢ = 0° on

top, ¢ = 900 on the right side, = 1800 on
bottom, and ¢ = 2700 on left side, degrees

Nozzle angle of yaw, degrees

DEFINITION

atleron

attitude control propulsion system
base

elevon

external oxygen hydrogen tank

2]
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NOMF CLATURE (Concluded)

SUBSCRIPTS DEFINITION

[ inboard

1 Tocal

L left

0 outboard

OMS orbital maneuvering system
OMSN orbital maneuvering system nozzle
OR8, o orbiter

r rudder

R right

S static conditions

SRM solid rocket mector

t total conditions

T external tank

W wing

1 top MPS nozzle

2 left MPS nozzle

3 right MPS nozzle

4 left SRM nozzle

5 right SRM nozzle

~ free stream




CONFIGURATION DESCRIPTION

The model test was an 0.019 scale representation cf the Rockwel1l,/NASA
configuration of the integrated space shuttle vehicle. The mecdel had the
capability of cola jet simulation of the jet plumes generated from the SRM
and MPS nozzles.

The 2A orbiter was rigidly attached to the EOHT at 0° incidence with
respect to the EONT centerline. The orbiter MPS nozzies were attached to
the non-metric air supply system which runs through the sting.

The 4 configuration EOHT was mounted on a 2.5 inch sting mounted in-
ternal balance.

The 4 configuration SRM's were rigidly attached to the EOHT with the
SRM centerline on waterplane XT = 0.0" and butt plane YT = 243" full scale.
The nozzles could be deflected +7° pitch and +7° vaw.

The orbiter right-hand wing panel had forty (40) static pressure taps
and the left-hand wing is attached to the orbiter by a single flexure
three-component moment balance. The elevon panels on the left-hand wing
panel were attached by means of single-component mmnent balances.

The vertical tail rudder had the capability of being deflected +10°.

The rudder panel was attached to the vertical tail by means ~f a single-
component moment balance.

Nozzle Gimbal Angles & Reference Systems for Angle Measurement

The orbiter has three MPS nozzles whose individuai gimbal points
each define the origin of three separate reference systems. These ref-
erence systems are shown in figure 2.2, Positive indicatiors of gimbal
pitch ard gimbal yaw are shown.

Figure 2.b. is an enlarged view of one of these reference systems.
A1l three planes shown are at right anqles to one another. The dashed
lines are projections of the nozzle centerline onto the pitch and yaw
planes of the reference system. (a) 1s the angle of pitch; either uwp
or down, (u) is the angle of yaw; either right or left. Cach nozzle
is physically set to a gimbal angle of pitch and for yaw by an appara-
tus which measure. (9); some radial direction in the oase plane, and
(v)i;the angle from that radial to the nozzle centerline. The ¢ sector
is determined by (a) and (v):

2




¢ ¢ v

270° to 360° 0° to +90° 0° to +90°
180° to 2793° 0° to -90° 0° to +90°
90° to 180° 0° to -90° 0° to -90°

0° to 90° 0° tec +90° 0° to -90°

11 test programs for this modei use the symbol Gp as the argle
that the centerline of the nozzle is pitched (up or down) and Gy as the
angle that the centerline of the nozzle is yawed (right or left). Up
and left are both in the positive direction.

Since all angles are defined from the nozzle null position, the
relationships are as follows:

(1) G = a- anull

(2) Gy

v - ynull

Where apyll is the angle that the nozzle centerline is pitched from
the reference system axis to null position and wp,y7 is the angle that
the nozzle centerline is yawed from the reference system axis to null
position (figure 2.b.).

anull and ypyll are specified for each MFS nozzle in the dimensional
data for Ng and Njg. It should be noted here that a side view of the
of the orbi. = shows that the nozzle base plane is rotated 13° from ver-
tical. Therefore, the three independent nozzle reference systems for

nozzle pitch differ from the orbiter's X , Y Z0 reference system by

a 139 rotation angle from vertical. 0’

O’

The following equations were used to convert nozzle gimbal angles
a and y to ¢ and y, the two angles that the fixture uses to duplicate
the given angles:

_TAN
(1) TANs Wﬁ“

@ v - Shergs

24

I U o S o T U o Vs D e S P S S G




Also, for the following fixture settings, the angle 8 = 90 - Y.

Top Nozzle:
Aero Setting Fixture Setting
¢ 8

Null & Firing; Gy, Gp =0 0° +3°
Gp = 1N 0° +14°
Gp = -Nn 180° 8°
Gy =9 288° 9.5°
Gy = -9 71.7° 9.5°

Gp = 11, Gy -9 32.5° 16.5°

Bottom Left Nozzle

Aero Setting Fixture Setting
¢ )
Firing; Gy = -3.5 180° 3°
Gp = 11 336.5° 8.7°
Gp = -1 193.6° 14.4°
Gy =9 256.7 12.8°
Gy = -9 118.3° 6.2°
Gp = ]]'Gy' -9 34.42 9.7°
Gp,Gy =0 229.4° 4.6°
25
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Bottom Right Nozzle:

Aero Setting Fixture Setting
¢ )
Firing; Gy = 3.5 180° 3°
Gp = 11 23.5° 8.7°
Gp = -11 166.2° 14.4°
Gy =9 241.8° 6.2° '
: Gy = -9 103.3° 12.8°
‘ Gp = 1, Gp = -9 57.7° 14.7°
Gy,Gp = 0 130.6° 4.6°

Model Nomenclature

The following nomenclature will be used to designate model com-

ponents:
Component Definition
B1o Body
Cs Canopy
D7 Manipulator Housing
w87 Wing
E]B Eirevon
V5 Vertical Tail
R5 Rudder
Ms OMS Pod
N8 OMS NOZZLES
N ORBITER NOZZLES




17
T10

Definition

ORBITER PRESSURE NOZZLES
Body Flap

Transition Strip
SRM
SKM Nozzle

EOHT

The following table shows OTS configurations and their corresponding

descriptions:
Configuration

01115,

02T Sy

Description
Baseline (2A):
Bio» Cs5» Dy» Fgs M3 Ngs
Ngs Ny7» Vg» Ry Wgzs Eygs
Xg, S'IO' T]O

Baseline (2A) with static taps on
three MPS nozzles:

By0sCs5,» D7, Faq» M3, Ng,
Nig» M7> V5s Rgs Wgzs Eqgs
Xg» 3100 10
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TEST FACILITY DESCRIPTION

The 8-Foot Transonic Wind Tunnel was placed in operation in December
of 1956 as the result of modernizing the 12-Foot Variable Density Wind
Tunnel to extend its operation through the transonic range. The tunnel
has a perforated throat and an auxiliary pumping system for plenum pump-
ing. The continuous circuit tunnel is capable of operating from 1/6 to
2-1/2 atmospheres total pressure, thereby providing a wide range of test
Reynolds numbers as well as Mach numbers. The range of operating pres-
sures is necessarily limited by the total power available at the higher
Mach numbers. Pumping the tunnel to these conditions is done by four
centrifugal compressors for above one atmosphere testing and by seven
compressors for below one atmosphere. Evacuation of the tunnel to 800
psf total pressure can be accomplished by use of the auxiliary compressor
from atmospheric pressure. This procedure takes appreximately 8 minutes.
Consequently, at least an initial expenditure of time is necessary to
bring the tunnel to the desired operating conditions. During model
changes, two gate valves isolate the test section from the tunnel proper,
making it necessary to bring only the test sphere to atmospheric condi-
tions. By careful planning of the test program, it is then possible to
reduce pumping time to a minimum.

The test section of the tunnel is a removable cart. In many in-
stances this feature permits the installation of a model prior to testing,
resulting in a saving of tunnel time. Three carts are in active use: a
sting cart for the testing of sting-mounted, full-span models, a reflec-
tion plane cart for use with semi-span reflection plane models, and the
fairing cart for full-span models mounted from a plate.

Low speed airflow calibrations have been performed for free-stream
velocities from 5 to 90 feet per second. Velocities in this range are
steady and can be set accurately using a fixed main drive blade angle
and varying the rpm. Low speed tests may be run within the operating
tunnel densities of 1/6 of an atmosphere to 2.5 atmospheres.

More explicit details of the tunnel and its operational character-
istics can be found in the 8-Foot Transonic Wind Tunnel Report WT0-300
at Cornell Aeronautical Laboratory.




TESTING AND PROCEDURE

PRESSURE INSTRUMENTATION

The right hand orbiter wing panel was instrumented with forty (40)
static pressure taps. A total of sixteen (16) base and cavity taps were
installed for use in correcting chord force measurements.

The orbiter MPS nozzles each had twelve (12) external static taps at
various radial and longitudinal locations.

JET PLUME SIMULATION

The CALSPAN high pressure air supply was utilized for cold jet plume
simulation of the jet plumes emanating from the orbiter MPS and SRM
nozzles. The orbiter MPS and SRM nozzles had independent controls for
separate throiiiing of each system of nozzles. Plume shapes for various
Mach numbers were produced by setting specific values of Pc/Py for the
orbiter nozzles and Pe/Pt for the SRM nozzles. An error in the calibra-
tion of the air supply system resulted in inaccurate settings of the SRM
nominal pressure ratios during the test. Listed below are theoretical
and actual values of the pressure ratios.

Pe/Pa Pe/Pa Pe/Pt Pa/Pt Pe/Pt Pc/Pt
NOZZLE M= THEORETICAL ACTUAL THEORETICAL ACTUAL THEORETICAL ACTUAL
(NOMINAL) (NOMINAL) (NOMINAL)
Orbiter .9 47.87 47.87 .3370 .3370 28.31 28.31
Orbiter 1.2 93.77 93.77 .4310 .4310 36.20 36.20
SRM .9 155 167 1.878 2.02 91.97 98.9
SRM 1.2 266 308 2.105 2.33 102.703  119.0

FORCE_INSTRUMENTATION

The EOHT was mounted on the CALSPAN 2.5 inch Task MK III six-compo-
nent internal balance. The model angle of attack was ‘ndicated by an
NASA/AMES dangleometer and angle of sideslip was indicated by the sector
read out plus sting/balance deflections. The sting was mounted on the
CALSPAN double roll mechznism.

29
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TESTING AND PROCEDURE (Concluded)

HINGE MOMENT INSTRUMENTATION

The left hand wing panel was mounted on a single-flexure, three-
component moment balance. The two elevons of the left hand wing panel
and the rudder were each instrumented with single-component moment bal-
ances.

30




REMARKS

Data were obtained at angles of attack from -8° to +6° at B = 0°,
and angles of sideslip from -6° to +6° at a = 0° for run number 15
through 116. The high pressure supply hoses were removed from the sting
for runs 117 through 120 so that angle of attack could be obtained from
-8° to +8° at 8 = 0° and angle of sideslip from -8° to +8° at a = 0°.

The MPS nozzle pressure loads were obtained during runs 19 through
78. Wing and top MPS pressure (eNy = 0°) data were obtained during runs
81 through 120. For runs 81 through 120, wing taps 106, 107, 108, 109,
214, 215, 309, 310, 412 were not measured so that top MPS nozzle taps
1, 3, 4, 5,6, 7,9, 10, 11 and 12 could be measured. The high pressure
air supply hoses were removed from the test section during runs 117
through 120 to determine if the hoses affected the force and pressure
data.

K}
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DATA REDUCTION

The balance data were reduced to coefficient form and corrected for
all appropriate tunnel corrections, sting/balance deflections, and tares.

The reference area, SRefs for all ascent vehicle coefficients is the
theoretical wing total planform area. The reference length, iggp, for the
pitching, rolling, and yawing moment coefficients is the fuselage body
length. Chord force and pitciing moment balance coefficients were adjusted
for the effect of cavity pressures according to the following equations:

Ascent vehicle total chord force coefficient (CA):
“ar " aga T CAcopg T CAckour * espy T Pogg * sy
where:
Moo Alopg B
Aoyt -C;CEOHT+ Fogou

C -Ca
ACsam = Copu SRM

*
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Aocent vehicle total pitching moment coefficient (Cmf)3

a c cr Cors + ct %Corp
e "BAL T “ACORB |2pep Morp | 2ReF _

ZNore ’ ZCouT * ZCeoyT
+ CA“ —_—— CA —_— + Ab . __—l
ORB | *REF | Ceout | LREF EOHT | LRrE

r J
-C) ZCspy +ch "Csry . “Nsgy
Acsru | LREF | bspy | LREF AbSRM | LReF

L — )

Zc ZN 2C, mee
ORB : ORB EQHT
Copp = ¢ +C | 4+ Ca.. +C —ts

“Csr ENsRy
+ CA 1 + CAV
CsrM [ ZREF NSRM | LRer
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Forebody chord force coefficient (Cy ):
As

-C

Cp = Cpo - C - C
At~ AT " MAbgpg T Pbggur T Abgem

- C -C - C
Aooms — Pbomsy ~ Pbaces

where:

204
c A
C L “P bors
AboRg = - {2201 |
708 3
L WF, REF

=201

302
Cp r Cp,
bEOHT= - =301 EOHT
30C ye  SREF

je3by
04
C b i A
AbsrM = - 1240 DsrM
07 3
ey SReF
§=401
Ay
s OMSN
POMsN= (Cpags)  Ser

Cry "ous
OMS = -(Cp 105) 3ger

Ap
ACPS
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Ascent vehicle forebody pitching moment (CMf):

Zbogsa ZbEouT

Crg = Cp_ - C —2BB| _ ¢ ———]
BT e T Abog [lur] Abront [ LREF |

e Zospm | e bons
Absry |LREF boms [LREF

e owsn | _ Zbacps
Avoxsy | treF Abacps | LreF

Wing, base, cavity, and upper MPS nozzle pressure coefficient (Cpi):

. Py - Po
Cey "\ a

Component hinge inoment data:

The left hand wing panel was instrumented with a single-fiexure three
component moment balance. This balance was temperature compensated and
gave accurate measurements at all tunnel temperatures.

The two elevons of the left hand wing panel and the rudder were each
instrumented with single component moment balances. These balances were
not temperature compensated and experienced large zero shifts during the
test. During any specific pitch ¢r yaw run,the zero shifts were negligible.
However, during a series of pitch and yaw runs, the zero shifts happened at
a point that cannot be determined. The sensitivity did not change. The
tabulated data for these components (CHe » CHe,.s CHr) are presented and

should be used for defining magnitude of the moment load.
Elevon hinge moment (CHe):

me; Keg

—= (lnboard)

Cu‘,I -
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vhere:
o' @ raw cts

K = calibration tactor(in.-lb/cts)

Rudder hinge moment (CHr):

]
n K

RO

Wing bending and torsion:

Convert raw data counts to in.-lbs: (basic slopes)
vhere:

B = raw dats cts

Kiy = calibzation !lct:r(tn.-lblet)nnd i = gape numder
J = order of term of sssond cegrea curve fit

.- -i K, * (li)2 ¥,y (inboard gage)
o Ky ¢ l-i)2 K,, (outboard gage)
my - -5 ‘31 + (nj)z ‘32 (torsion gaso).
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Taking interactiona into account:

Mpem-

L

-

b

1ES
6m2

1

<6m2>
ém
[V
-

6m3 6m3
sm, / ™ Y\im
ll 1

m2 +

ém
2
™ +<6m

oy
6m2

1

) (mz)2

2

2

> mp? |-
2

Determine loads and coefficients:
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Jet plume parameters (RPC( ), RPe( )):

P

Reey Py

Reference Dimensions and Constants

Full Scale Model Scale
Abacps 28.42 ft2 0.01026 ft?
Abg out 572.56 ft2 0.2067 ft2
Abows 16.973 ft 0.00613 ft?
. 25.( 1 ft 0.00925 ft
Abog 226.75 ft? 0.08186 ft?
Abeay 183.01 ft? 0.0661 ft?

2 2

ACeonT 366.5 ft 0.132 ft
ACoRs 302.40 #t2 0.1092 ft2
ACsrM 181.378 ft2 0.0654 ft2
Mg 147.44 12 0.0511 ft2
Ay 219.02 ft2 0.0791 ft2

SRM
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Full_Scale
363.341

90.7 in

74.4 in.

513.474 in.

(Pos) =

(Pos) = 27.03 0. -1b-v
mv

(ORB)

(]

1.060

(Pos) "

_ inlbv
(Pos) = 463.1672 e

(Pos) = 0.0

inlbv

(Pos) = 436.8877 —

(Pos)= 0.0

- inlbv
(POS) = 539,9926 —?nv—-

(Pos)= 0.0

1328.0 in

26.20 1. -1b-v

20.80 in- -]b-V

Model Scale
6.903

1.723 1in.

1.414 in.

9.756 in

-11.283 in.
0.0 in.
-3.533 in.
-10.533 in.

H
N
(3]

(Neg)

(Neg)
mv

(SRM)

TBD

(Neg)

(Neg) = 476.3954 2n1bv

mv
(Neg) = 0.0

_ inlbv
(Neg) = 437.4474 v
(Neg) = 0.0

_ inlbv
(Neg) = 538.9718 =
(Neg) = 0.0

25.232 in.

39 in. -1b-v

27.42 in. -1b-v

20 8851n. -]b-V
) mv

. &




Bty Lo sEEE L akEaEEa g S e A e e oA Al AERAal 20 AR . e - T
Full Scale Model Scale
Se 210.0 ft2 per wing panel 0.0758 f"t2
Sy 106.38 ft° 0.0384 ft2
Sy 1006.5 t? 0.363 ft2
SREF 2690.0 ft? 0.971 £t?
; Xy - 0.5638 in.
|
% XHL 1250.79 in. 23.765 in.
vy - 0.1423 in.
YRooT 105.0 in. 1.995 in.
b 402.987 in. 7.656 in.
ACPS
Zogou 0.0 0.0
Z; 415.505 1in. 7.895 1n.
OMS
z 437.94 in. 8.321 1in.
bomsN % in
Zooag 310.0 1in. 5.89 1in.
Z, 0.0 0.0
SRM
Z 0.0 0.0
CEOHT
z 349.66 1in. 6.64 in.
Cors 6
0.0 0.0
Zespu
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Full Scale

335.0 in.

0.0

(Pos) = 0.0

Positive

0.0

inlby
mv

-0.010562

0.0

0.0

0.0

inlbv
0.014458 ™o

0.0
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Model Scale

6.36 in

0.0

(Neg) = 0.0

Neagative

0.0

inlbv

-0.004132

0.0

0.0

0.0

inlbv

0.018206 ~

0.0




| Positive Negative
) . .
<" 0.022277 1LY 0.029935 LIV
M/
d
M3 0.0 0.0
M/ 2
; 9 . .
| < M3> -0.031574 101bY -0.034948 101V
5 {7
| 2/ 1
aM3‘> 0.0 0.0
3
M2/ 2

The orbiter MPS nozzle pressure data were integrated using Chrysler
Corporation's SADSAC program to obtain the load distributions along the
nozzle axis and the total nozzle loads. Integration of the pressure
data (first integration) was pertformed according to the following
equations (see Figuie 8):

360
dC =-d ;
dC 60 X X .
_n T .!'3 Cp(a—- Hﬁ) d (R sin ¢)
d(x/dei SN © e e
dcy - dg 360

Cnod (R cos

T705) L G Reose)

/X X
dc = de f360 C - G ) d (R co
_(.U” i) i b UZ - (R cos ¢)
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where:

Full Scale Model Scale
S\, 49.4 ft2 01783 £t2
d, 90.73 in. 1.7238 in.
X 158 in. 3.002 in.

These integrations were performed on the curve fits of C, vs. PHI
displayed on plot pages 73-144. The resultant local loads coefficients
are plotted against x/d, on plot pages 289-384,

The integrations for total nozzle Cy, Cy, Cy, and Cp (second inte-
gration) were performed according to the following equations:

o - 61.0 E%S;HET' d(x/dg)
6 - {)]'0 3%7@ d(x/dg)
co. 0 A

n 0 d(x/dg)  d(x/dg)

Tne load distributions were extended to the 1imits of integration
by assuming zero values for the local load coefficients at both limits.
These added end points were then included in the curve fit used for the
second integration. The load distribution plots do not include the inte-
gration limits and therefore the plot fairings will not be the same as
the curve fits used for integration.




TABLE 1

, | TEST ¢ <ALSPAN T14-053 DATE & 22 June '73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE ISTAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sq. inch) (degrees Fahrenneit)
. 2.75 x 10° 480 135
1.2 2.25 v 106 440 140

BALANCE UTILiZED: o+ 9 INCH TASK MK I11

w1400 Tbs 5
YF 700 1bs 5%
AF 280 1bs 5%
NA 1400 lbs TR
YA 700 1bs oy
. RM 2000 1n-1bs —_—

COMMENTS:




TABLE TI

DATASET COLLATION SUMMARY

TOF

NCL S LE

Moo= 0.7

DISTANCE FORWARD OF NOZBZLE EAXIT
X/ 058\ x/>=,232| /D= 406 |*/p=.580 |xp=.753 [xp=.928
0 / 130 12 | 0 /1] 90 10 120 7 150 6
0128 2¢ |3 35|44 47154 SZ2|e3 w673 7/
29 27 137 38|45 46|55 53|64 65174 72
30 ARy 12 | 90 11120 /D50 71 o 2
‘?) 3¢ 35|44 47|54 52|63 66|73 7/|28 26
37 38|45 46|55 53| 6t 45|74 72)e? 27
60 1| 90 121,20 /1tl/s¢ 10| O 3| 30 2
; ni S 44 47|54 s2lez 46|73 /|28 26|z 35
5 WL 145 40155 S316d eS| 74 72 29 27|37 38
’ MN 20 /I {720 12150 11] o 41 30 31 ¢ 2
| wlon) 54 s |63 bb| 73 7/ 28 203, 35| 44 47
| Ly 55 s3let os| 74 72|29 27137 38| 45 4o
RNl ol7zo /50 121 o 51 30 41 ¢o 31| 90 2
N[ e3 (b6 |73 7/| 28 26|36 35| 44 4( | sq 52
[N 6t o5 7¢ 72| 29 27|37 38| 45 47|55 53
Wl © 150 /1o 6| 3¢ 51 6 41 90 31120 2
Wi 73 7/128 26| 3, 35| ¢¢ 7| 5¢ S2| L3 o
;‘J ~i 74 72]1 27 27] 37 28| 45 #6553 64 é35
mlgt © 71 30 | 6O 51 70 4, /20 3| ise 2
Qg 28 26| 26 35| 44 «7 | sa4 S2 2 we| 73 7/
RIS 29 27| 37 38 45 46| 55 53| 64 65| 74 72
al o1 30 71 6o 6| 50 Slr20 4 ,50 21 o g
G| S136c 35| 4¢ 47| 5¢ 52| 63 b ¥3 7|28 26
| N1 37 38145 44| 855 S3| 64 65| 74 2] 27 27
ol o 7| 90 blizo Ss5[s6 47 o 9] 30 8
| 44 47| s5¢ s2 |63 e |73 7/ | 8 26| 3L 32
N[ 45 46| 55 S3 |64 65|76 72| 29 27 | 37 33
Sl 20 7 1722 6 |/50 5| o 0] 30 9| 6o 8
i ‘: sS4 52 63 b | 73 7/ | 28 261 3¢ 2T | 44 47
X 55 53| 04 65| 74 72|29 27| 57 28| 45 46|
e[ of720 7|50 & o ]330 /0760 9] 90 8
Ql €3 ¢ | 73 7/ | 28 26| 36 35| 44 47| s¢ S2
M e¢ es| 74 72| 272 27| 37 38| 45 46| S5 53
ol’S0 7|1 o 12130 Ilji¢ 10 90 7T 120 8
ml 73 7/ |28 26136 35| 42 €7 | s¢ Ss2| 63 éé
M| 74 72| 29 27| 37 381! €5 46 | 55 S3, 64 5
. % MP5 NOozZZGE
MPsSRA* | Tap No o - ot
—————— —_— e e = — ’(‘7 "_r - C
P_Run No. for Tkun No. {or ATION
KUFrA0S 1 RUFTAOI
Fun No Her | Nun No Yor
Rur no4 ikurAOZ
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REPRODUCIBILITY OF Titls
ORIGINAL PAGE IS POOR
TABLE I1 (Continued)

EOT7TOM LEFT NMOZZLE MO

DISTANCE FORWARD OF NOBRLE EX/T
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TABLE

T1T.

MODEL COMPONENT DESCRIPTLIONS

MODEL COMPONENT: B10 - Body

GENERAL DESCRIPTION:

Fuselage, 2A Configuration, Iirhtweight Orbiter per

Rockwell Lines VL70-000039 "B".

Scale Model = 0.019

VL70-000089 "#"
VL70-000092, 93, 94 "A"

DRAWING NUMBER:

55-A-00092
; DIMENSIONS :
Length —~ in.
Max. Width ~ in. (@X, = 15°3.3)
Max. Depth ~ in. (OX0 = 14L80.57)

Fineness Ratio

Area ~ Ft.?
Max. Cross-Sectional
Planform
Wetted

Base

60

FULL-SCALE

1328.5

265.0

2420

5.012

L56 .4

i

i

MODEL SCALE

25.238

1

5.035

\

L.712

‘

5.012

\

0.1648

|




TABLE 111. (Continued)

MODEL COMPONENT: (5 Orbiter Canopy

GENERAL DESCRIPTION: Orbiter Canopy for Lipght Weirht Orbiter Confipuration

Model Scale = 0.019

DRAWING NUMBER: VL-70-000092 1

|

I DIMENSIONS : FULL-SCALE MODEL SCALE |
STA. FdD. Bulkhead, in 391.0 7.429
STA. T.E., in 560.0 : 10.ALU
Canopv/Body Inters-ction,IN 391.0 7.4,29
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_ MODEL COMPONENT:

TABLE III. (Continued)

D7 - Manipulator Housing

GENERAL DESCRIPTION:

2A Configuration Per Rockwell Lines VL70-000093

Scale Model = 0.019

DRAWING NUMBER:

DIMENSIONS:

Length ~ in.
Max. Width ~in.
Max. Depth ~ in.
Fineness Ratio
Area
Max. Cross-Sectional
Planform
Wetted

Location at:

¢ Fuselage BP = 0.0
WP = 500.0 INFS
Xol26.0 to X,1307.0 INFS

VL70-000093; SS-A-00092

FULL-SCALE

821.0

A ———————

51.0

23.0

S ———
-
T ——————
A —————————
-
-
——————
. ———

MODEL SCALE

16.739

!

.0.969

l

0.437

]

|
|

i

!




REPRODUCIBILITY OF TH" ,
ORIGINAL PAGI 13 PO TABLE 11 (Contlinued)
MODEL COMPONENT:  WING-W 87 Lightweight Orbiter

GENERAL DESCRIPTION: Orbiter Configuration per Rockwell Lines VL720-000093

NOTE: (Dihedral angle is defined at. the lower
surface of tha winz ab the 795,33
element line
projected into a plane perpendicular to the FRL..

Scale Model = 0.(19

TEST_NO. DME. NO. VL70-00063
SZA-A00091, 92
DIMENSIONS : FULL-SCALE MODEL SCALE
TATAL DATA 2
Area (Theo,) Ft
Plznform 2690.0 0.971
Span (Theo In, 2 17.797
. Aspect Ratio 2.205 2.265
: Rate of Taper 1.177 1.177
: Taper Ratio 0.0 0.<00
Dihedral Angle. degrees ;% 3.5C0
Incidence Angle, degrees . .000
Aerodynamic Twist, degrees ¥3.000 +3.000
Sweep Back Angles, degrees
Leading Edge 45.000 45.000
Trailing Edge ~I.2L -10.2L,
0.25 Element Line 35.209 , 35, <09
ChorgS:tN(IThtI\ 5.,P.0.0 689.24, 13.096
00 eo el w2 lVe - M
Tip, (Theo) B.P. 137.85 2.619
MAC LTK.B1 .01
Fus, Sta. of .25 MAC 113%.55 21. AU
W.P. of .25 MAC 299.20 5. 585
B.L. of .25 MAC , 182.13 3. G50
EXPOSED DATA ]
~Trea {Theo) th 1752.29 0.633
Span, (Thec) In, BP10E 12,68 EWE
Aspect Ratio 2.058 2.Qs8
Taper Ratio 0.2451 Q, 2451
Chords
Root BP108 562. L0 10,684
Tip 1.00% 137.85 .69
MAC EE.O} 7.468
Fus. Sta, of .25 MAC 5.%1__ 22. 521
W.P, of .25 MAC .20 9 76h
Afrfoil Section (Rockwell Mod NASA)
XXX X=64
t/e @ROOt% * 0.425 S0 —d0
qc @T‘p%. l'm 0.12 0.!2
! Cata for (1) of (2) Siges
Leading Edge Cuff
Planforn Area = Fi? -y maiiis
Leading Edge Intersects Fus M, L. @ Sta 0.0
Leading Edge Intersects Wing @ Sta 1015.0 19.665
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TABLE III. (Continued)

MODEL COMPONENT: __El8 - Elevon

GENERAL DESCRIPTION: 2A Configuration Per W-87 Rockwell Lines VL70-000093

Data for (1) of (2) Sides

Scale Model = 0.016

DRAWING NUMBER: VL70-000093; SS~A-00092

DIMENSIONS: FULL-SCALE MODEL SCALE
Area . g2 —.25.52 0.0742
Span (equivalent) ~ in. 353.34 6.713
Inb'd equivalent chord (B.P.115.0in),in 11,.78 2.181
Outb'd equivalent chord (B.P..68.3in),in  55.00 1.045

Ratio movabl~ surface chord/
totai surface chord

At Inb'd equiv. chord 0.208 0.208
At Outb'd equiv. chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge 0.00 0.¢d

Tailing Edge -10.24, =10.2,

Hingeline (x°-1387" F, S) 0.00 0.00
Area Moment (Normal to hinge line) Ft3 _ 1, 5.8.07 0.01062

Product of Area Moment

NOTE: The elevon panel consists of an InBD and OutBD segment. The
split line dividing the segments is at B.P. 281 inches full
scale (B.P. 5.339 inches Model Scale)




TABLE

MOOEL CQMPONENT: VEUICAL = V5 (Lipht Wh. Orbiter GConfi,nirating)

(Continued)

GENERAL DEISCRIPTION:

centerline Vertical Tail, Deyble e

Alrfadl with

founaed Leading Eipe

Mode. Scale = 0.019

DRAWINS NUMBER: VL-7C-0C0095; S$9-A-C0092
DIMENSIONS ¢ FUL'. -SCALE MODEL SCALE
TOTAL DATA
Avea (Theo) ft? 4l3.25 __01ie2
Planform - -
Span (Thec) In 31577 5.999
Aspect Ratis 1 A75 1.67¢
Rate of Taper 0.507 0.507
Taper Patio 0.L0l 0.L0.
Sweep Back Angles, degrees
Leading Etdge L5.000 45.000
Trailing Edge 20.2L9 24,249
0.25 Elenent Line ald3¢ _ Al
Qiords: Ir . nes
Root (Tneo) wP A9, 50 AR
Tq}\% (Theo) WpP 128./:7 \'3’1‘1——-
P 1G9 . 3,70
Fus. Sta. of .25 MAC B3 -0 27.3u7
W. P, 07 .25 MAC SRR 12,075
8. L. of .25 MAC _0.v 0.y
Airforl Scction
Leading Wedge Angle ~ Deg 19,00 10,96
Traii‘ng wedge Angle ~ Deg 5090 D
Leadin; Edge Radius K 1y 200 IRBE
Void Area ... . ez 2.00L78
Bianketed Area ~ry- 13,67 Q.QLs7
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TABLE ITI. (Continued)

MODEL COMPORENT: RS _- Rudder

GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL 70-000095.

Scale Model = 0.019

DRAWING NUMBER: VL70-000095 _$5-A0009!, 92

DIMENSIONS : FULL-SCALE MODEL SCALE
Area ~ g2 106.38 0.03%
Span (equivalent)~1N 201.0 ' 3.819
Inb'd equivalent chord, 1IN 91.585 1.7,0
Outb'd equivalent chord 1IN 50.8373 0.966

Ratio movable surface chord/ |
total surface chord

At Inb'd equiv. chord 0.460 0.400

At Outb'd equiv. chord 0.400 0.400
Sweep Back Angles, degrees

Lexding tdge 34.83 J34.83

Tailing Edge 26.25 26.25

Hingeline 34.83 34.83
Area Moment (Normal to hinge line)~Ft3 _526.13 _0.00361

(?roduct of Area and Mean Chor@)




TABLE I11. (Con:inued)

MODEL COMPONENT: M, - OM3 POD

GENERAL DESCRIPTION: o4 Lightweight Orhiter Confipuration per Ro:kwell lines

V1,70-0000G/" 4"

Scale Model = 0,019

DRAWING NUM3ER: VL70-00009L "A"; S$-A-00002 1
| |
| DIMENSIONS : FULL-SCALE MODEL SCALE |

Length ~ ip, ‘ 346.0 _ 6.5

Max. Width~in. - Xo 1450.0 ' 108.0 052

Max. Depth~in. = xg 1500.0 113.82 2.162

Fineness Ratio - -

Area
Max. Cross-Szctional - -
Planforn - -
Hetied - ——
Base —_— —_—

& of OMS POD
70 = 463.9 INFS: WPLLL + 63.9 = L463.9 INFS
Yo = 80.0 INF5

Length: Xo 1214.0 to X, 1560.0 = 346.0 INFS
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TABLE III. (Continued)

ULEL COMPONENT: N2 - OMS Nozzle

CEURRAL URSORTPTION:T  Rasic (OMS Nozzle of Lhe DA Confipuration per Hockweid

s Vs 00306 and VE70-000027 "R

D adE MR QUUnY

UWING NCL V170-008304, VL70-00008Y "B, 55-A0009.

D ENS TONS FULL-SCALE MODEL SCALL

MAGE NO, _—

DIAMETER DEX ~ IN 5000 LGS

DIAMETER DT ~ IN N/A LA

DITAMLTLR DIN ~ IN

_e3.00 L5470

8N ~ DEGREES MA WA

AREA . oy«
MAX CROSS-SECTIONAL 13,435

GIMBAL ORIGIN Xo Yo

Teft NOZZLE ~ IN 15313 -38.0 Lo

kairht NOZZLE ~ 1 1518 +387, 0 1o

NULL POSITION PITCHi YAV

1‘:, NOZ,ZLE N U(‘ﬂ

{irnt NOZZLE -~ Jep. 15249 2o

Interse-tion ol hozzie
[} Yy and

. . N
[ S PN PN

LRRLeroine: o~ i

-

_ Lo 2 RNYS

THR . .
TLITY OF P A 9.6
eronuc‘}?pbb 18 POOR © !

ORIGINAL

68




TABLE III.

MODEL COMPONENT -

MY o Orbiiter Nozezles

(Continued)

GENERAL DESCRIPTION:

Orbiter Nozzles used for Cold Jet Plume Simulaticn at

Moo edyaeah, 1.56,2.0,3.0 and 2.5, A1l Three Mclde® lorzles are Mounted to
fidl Socrets which allow Gimbal Angles of #11° Pitch ard $9° Yaw

from NULL. Model Scale = 0,019

DRAWING NO. SH-=0009,: 55-4-00095

DIMENS IONS
MAGH NO., LU thry
DIAMETER DEX ~ IN
DIAMETER DT ~ 1IN
DIAMETER DIN ~ IN

6N ~DEGREES

AREA 14, <

MAX CROSS-SECTIONAL (:ixit)
GIMBAL ORIGIN

UPPER NOZILE ~ Iy (F.35., ¥.5.)

BOTTOM NOZZLE ~ 1 (F.5., M.

5.)
NULL POSITION
UPPER NOZZ

BOTTOM NOXZLE

FULL-SCALE MODEL SCALE
073 1.7.032
D126 O.544
17,33 0,709
iy . 3GH O.GLEY

Yo Lo

1,45.0, 27.455

0.0, C.C LL2.O, A

1,67.9, 28,890

53.0, 1.007 3i0.b,

PITCH

16°

10°

YAV

0’

. —— —————

3,59 (Dol

e ——— e t— .




TABLE IIT. (Continued)

FIYTOCOMPONENT: 'y Crbiter jlozzles

CEUPPAL DESCRIPTION:  grbiter MNovzles used for Cold Jeot Plame Simulation at,

N Lt a0 220, 3.0, an 3.5,

")‘,,)_,fo,,. 3

Lo novzles , imbal £ 11° nitel, £9° Yaw in Pall Sorkets.  The upyer nozelo

2o Cixed at 110 Pitoh, -9° Yaw and has twelve (12) cxternal sta.i- taps on
rezele surface.  Model Scale = 0,019

DRAWING NQ. 55-A-00092; 55-A-00075

DINEISTONS FULL-5CALE MODEL SCALE

| MACH NO. g +hry 3.5

| DIAMETER DEX ~ IN 90. 7% 17238 ®
DIAMETER DT ~ IN 2310

DIAMETER DIN ~ IN 17,338 OO0
ON ~DEGRFES
AREA —~ =

MAX CROSS-SECTIONAL (:xit per hozzle) Ll 29 O.0M40

¢

GIMBAL ORIGIN Xo Y, Zg

UPPER NOZZILE ~ 1n (F.5., M.5.) 14,°.0, 27055 O.u, Q.0 RS AV DR

3

-~

BOTTOM NOZZLE ~ Ty (¥.5.. M.35.) 1,67.9, 27.950 53,0, 1.0007 0.

ede sy e,

6, £.510

NULL POSITION PITCH YAV

UPPER NOZZLE 16° o°

BOTTOM NOZZ 10° 3.5 (Outbb)




TABLE II1. (Continued)

MODEL CUMPONENT: Fu Bodv Fiap

GENERAL DESCRIPTION:

Aft Body Flap Used on Light Weight Orbiter Con{iruraticn

Model Scale = 0.016

DRAWING NUMBER:

DIMENSIONS:

Length . 1in

Max. Width, in

Max. Depth

Fineness Ratio

Area 2
Max. Cross-Sectional
Planform
Wetted

Rage

71

VL-70-00009/, "A", SS-A~00092

FULL-SCALE

84.70

265.00 -

———————
R ————————
T —————————

1u2.6L

ART————

38.65

S ——————

MODEL SCALE

1.609

e ——————

0.05149

0.01395




TABLE I1I. (Continued)
COMPUNSNT: Xg Transition Strips
DESCRIPTION: Transition grit strips used in AMES 9x7 wind tunnel.
Microbeads were used to make grit strip. Microbead
diameter equals 0.0065 inches.
Model Scale = 0.019
LOCATIONS: (Dimensions Model Scale)
SRM: 2 inches aft of nose (0.125" wide strip)
EOHT: 6 inches aft of nose (0.125" wide strip)

WING: 0.5 inches perpendicular to wing leading edge
(0.125" wide strip)

: VERTICAL TAIL: 0.25 inches perpendicular to tail leading
5 edge (0.125" wide strip)

ORBITER BODY: 0.75 inches aft of nose (0.125" wide strip)




TABLE IIT. (Continued)

4 i S
Model Component: Solid P_”OCkEt Motor ( 10)

General Description: Booster solid rocket motor, body of revolution
Data for 1 of 2 sides

Model Scale = 0,019
Drawing Number: VI1.77-000039

Dimensions: Full-Scale Model Scale
Length (includes nozzie), in. 1741.0 33,080
Max width (diameter), in, 142, 0 2,698
Max depth (aft shroud 192, 0 ' 3, 648
t diameter), in,
| Fineness ratio 9, 0677 9.0677
Area ~ ft2
Max cross-sectional 201,062 - 0.0726
Planform
Wetted
Base _
| WP of BSRM centerline, 400, 0 7. 600
& (XT), in,
FS of BSRM nose, (XT), in, 743,0 14.117
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TABLE I1I. (Concluded)

MOUEL COMPONENT: T10 External Tank

o GENERAL DFSCRIPTION: External Oxygen Hydrogen Tank

Confimuration to which the Orbiter and the Two Solid Rocket Motors attach

Body of revolution

Mcdel Scale = 0.019

DRAWING NUMBER:  VI-70-000088 VL-78-000041

DIMENSIONS : | | FULL-SCALE MODEL SCALE
, .
Length, IN (Nose @ X = 309.0) 1865.0 35.435
Max. Width (Dia.), IN 324.0 6,156
Max. Depth ; ) - -
Fineness Ratio 5.75617 5.75617
Area Ft? | _
Max. Cross-Sectioral 572.56 0.2067
Planform | - _
Wetted - -
Base - -
“W.P. of Tank Cenferline, (X) IN -  _ 400.0 7.600 -
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TABLE IV.

'.V/L,’W . -7‘)8 g‘, ch j{ 5'0/; ’I

S RS 7,270,233 reh7u
21 . 580 /P 5 CrE
300 L4006 I, 23, 2% 7.4 77
3270 L2l 12.24.36 | £ 75, %

TAP LOCATIONS - CeHITER NCZ2LES




TABLE V.
DIMENSTONAL DESCRIPTION
OREITER NOZZLES

x/r* r/r*
EXIT PLANE

0 3.2257

. 1097 3.2107
.3365 3.1793
.5879 3.1430
. .8660 3.1010
i 1.0101 3.0786
; 1.3342 3.0258
' 1.6437 2.9727
1.8428 2.9368
2.0992 2.8892
2.2421 2.8615
2.4012 2.8301
2.578¢ 2.7942
2.7743 2.7530
2.9918 2.7058
3.1995 2.6591
3.4008 2.6123
3.5307 2.5808
3.6999 2.5393
3.9169 2.4828
4.0378 2.4525
4.1718 2.4165
4,3215 2.3754
4.4862 2.3286
4.6980 2.2665
4,8990 2.2055
5.0303 2.1639
5.1969 2.1104
5.3945 2.0442
5.6396 1.9585
5.7848 1.9053
5.9188 1.8552
6.1246 1.7754
6.3593 1.6796
6.5565 1.5954
6.7013 1.5307
6.9143 1.4315
7.1815 1.7665
7.2455 1.2665
7.4502 1.1568
7.55€9 1.3969
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TABLE VI

DIMENSIONAL DESCRIPTION
SRM NOZZLES N]7

M=0.9,1.2, ¢€=17.0
NONDIMENSIONAL COORDINATES

initial angle = 23° r* = 0.509 in.
exit lip angle = 11°
POINT AXIAL RADIAL NOZZLE
NO. X/r* r/r* GEOMETRY
t
; 1 0.00000 1.00000 Throat Plane
2 0.04689 1.00184
3 0.11719 1.01155 Circular arc
4 0.16409 1.02286 section
5 0.21098 1.03832
6 0.23443 1.04766 Conical
7 0.54862 1.18106 sectinn
8 0.80001 1.28777
9 0.86284 1.31443 Contoured
10 1.13502 1.42312 section
11 1.50148 1.57291
12 1.93249 1.73122
13 2.29137 1.85372
14 2.677C2 1.97678
15 3.08772 2.09868
16 3.52343 2.21816
17 3.98088 2.33472
18 4.45984 2.44695
19 4.79089 2.51908
20 5.13099 2.58921
21 5.42124 2.64578 Exit Plane
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Nozzle Pftch Plane

Orbiter

Aft

Yeu Plane °

Body

Line
Perpendicular
to Orbiter i

Water Plane\\\‘

l

¢ Upper MPS Nozzle
Gimbal Point

]
2.: Lottom-_eft MP.
Nozzle Gimbal Poirt
3.: Bottom-Right MPC
Nozile Cimbal Poi:t
/

Figure :.a. - Cimbal Planes and :ign Conventions,.
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This plene is parallel to the
nozzle base plate. All gimbsal

angies are set and measured
with reference to this ¢ =

plane.—«\\\\

Nozzle Pitch
Plane (shaded)

180

©
u

Figure 2.h.~ Nozzle Gimbal Angle,

80

Nozzle Yaw Plane




ENEE@THrda

Angle of Sideslip, B

N
_}IIND
DIEECT ™\
oL

Angle of Attack, o, and Angle of Incidence, 1

Figure 2.c. - Sign Convention for Angle of Sideslip, Angle of Attack, and Incidence Angle.
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VERTICAL TAIL PLANE OF SYMM.

1

Tr
(TOP VIEW)
Rupp
g™
+Cy,. R P\kso
® Stag,

Rudder Deflection Angle, 6
and hinge moment, Cy
dy

1. ING REF. PLANE

+CHe Hm‘/

&
Elevon Deflection Angle, §e
and hinge moment, CHe
Figure 2.d. - Sign Convention for Rudder and Elevon Deflectionms.
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Figure 2.f, - Moment Transfer Diagram.

1)

2.8 TASK miIT
: MRP BALANCE CENTER
Xr</8.09" Xrs 25 125"
Yr=s 0.0 Yr:0.0"
By= 7.60" N Y, 2y:7.60" Y2 NZ
Borron Basanck Pn by
Xy C3.529"
_é - - & Galance £
: € z0.0"
-—Q:'E. 7&3"——— o-©
st o
3=-/o.$33”
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THEORET/CAL.

S \\ LEADING EDGE
/106"
62
25\\
//3
Q
\¢ NOTE: () DENOTES LOWER
Q SURFAHACE
6 (] X/¢c BLASEDL ow
L OCAL CHORD
S
2 )
\
¥}
¢
! .
107 9L393 . 2149 306 %
TN 2059498) \‘\47
‘\ \
9]
N \
X
\\
'\ ~4
e
— C—
\
472‘7\%

1 ARARIL

a? ~ PER CENT SEMI-SPAN

Figure 3.a. - Wing Pressure Tap Locations
for Right Hand Wing Panel.
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Nozece Cenver

B 220"
we 8.8

Ab

ACPS

Figure 3.c. - OMS Pod Base Static Pressure Tap Locations.

R7




303,304
(Bacancs cuiameee)

Figure 3.d. - EOHT Pressure Tap Locations.
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Figure 4.d. - 2A Orbiter, Vertical Tail.
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Figure &e. - 2A Orbiter, Body Flap, Fé.
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Figure 4g. - 2A Orbiter, Nozzle.
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X - INCHES FORWARD OF EAIT PLANE X=0
Ngs N1o
Xg, 2,0192
T 0.2931
Ro 0.2003
X, 2.1178
5 0,4675
Ro, 0.2003
Xo, 2.1178
To, 0.4675
o* 0.2672
XT, 2.2239
', 0.2977
Yoy 2.4231
%o, -0.0212
Ro, 0.3759
tp 0.3547

DESIGN INFORMATION FOR ORB-1-ABC NOZZLE CONTOURS
(Mach Nos. 0.9, 1.25, 1.55, 2.0 3.0, and 3.5)

Figure 4.g. - Concluded.
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Figure 7.a. - Front View of Integrated Vehicle.
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Figure 7.b. - Aft View of Integrated Vehicle with Orbiter Nozzle Gimbaled,
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DATE 05 NOV 75 TABULATED DATA FOR CAL Ti4-053 (1436} . PAGE “
CALSPAN T14-05S3 02 T1 S: 1A36 (RUF 024} { 26 SEP 73
REFERENCE DATA PARAMETRIC DATA
= 2690.0004 FT.SQU XMRP = 953.0001 INCHES BETA - .0ng MPSRA = .000
= 1325.0002 INCHES YMRP = .0000 INCHES POWER = i.000 CPR - 36.200
= 1328.0002 [NCHES ZMRP = 400.0600 INCHES SRMPR = 2.330 RUDDER = .0C0
=- .01380

RUN NOC. a4/ 0 RN/L = 2.16 GRADIENT INTERVAL - -%.00/ 5.00

ALPHA CN CLMF CcLM CAF CA Ccy CYN cBL CNKW CHIW
-8.150 -.53390 . 18620 .e0210 .23704 .35028 -.000381 -.0C400 ~.00060 -.19%30 -.00140
-6.050 -.382490 . 13860 . 18460 .2337n .35510 -.0024C -.00260 -.00120 -.11970 -.00330
-4.100 -.24510 .C8300 8830 .25369 L3591 -.C0340 -.c00100 -.00170 -.00S40 -.0048C
. 198 -2.040 -.10650 .02330 2890 .25058 . 35048 -.0253C .001G0 -.00130 L0700 -.0C750
.1893 -.040 .01180 -.02460 -.01860 .24730 .35213 ~-.01310 . 00840 -.00220 .15120 -.00980
.1886 1.850 . 4400 -.07610 -.0735G .25869 . 35299 -.00720 .06210 -.00180 .22200 -.01250
GRADIENT .06381 -.02607 -.02610 .00057 -.00013 -.00086 .gooB3 -.00006 .03829 -.00126
CALSPAN T14-053 g2 Ti1 St 1A36 (RUF 025) ( 26 SEP 73 )
REFERENCE DATA PARAMETRIC DATA
= 2/30.000% FT.SQU XMRP = 953.0001 INCHES ALPHA = .000 MPSRA = .000 i
= 1328.0002 INCHES YMRP = .0000 INCHES POWER = 1.000 OPR - 36.c00
= 13c8.0002 INCHES IMRP = 400.0000 INCHES SRMTR = 2.330 RUDDER = .000
= .0180

RUN NO. 25/ ¢ RN/L = 2.13 GRADIENT INTERVAL = -5.00/ S5.00

BETA CN CcLmMF cLm CAF CA cy CYN cBL CNW CHW
.183 -6.080 .020u40 -.02610 -.01940 .22869 L3N .31240 -.14020 .05330 .27370 -.02120
. 197 .000 .01540 .025%0 -.C2000 .24681 .35181 -.004%40 .00140 -.00150 . 15390 -.00970 p
.195 3.050 .00350 -.0cec0 -.01660 .23632% .33663 -.16260 .07740 -.02910 .03060 -.00%20
.170 6.080 -.00910 ~.01630 -.011c0 .2e601 .323937 -.30920 12220 -.05450 -.03020 .00090

GRADIENT -.006330 RO RE L0011 -.00343 -.00%398 -.0%187 .oewse ~.003805 -.0uCu3 .00180
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